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Wadi-Elmugadum is a seasonal watercourse located in the semi-desert vegetation zone of Sudan. In the 
present study the woody vegetation of this watercourse was characterized for its species dominance 
and diversity. Nine species belonging to four botanic l families were recorded in the area. Acacia seyal 
and Acacia nilotica prevailed along the watercourse whereas Calotropis procera and Boscia 
senegalensis dominated the degraded lands. Acacia tortilis and Maerua crassifolia, which previously 
characterized the zone, showed rare existence. Salvadora persica and Leptadenia pyrotechnica 
disappeared from the area. In addition to other factors, the expansion of cultivated lands deteriorated 
seriously the natural vegetation. This calls for urgent vegetation conservatory and restoration actions t  
reduce impacts of threatening factors in the area.  
 
1. Introduction  
 
The increased deterioration of species diversificaton and distribution are consequences of continued drastic 
climate changes; natural and human-induced (Mustafa, 2007; Loh et al., 2020). Historically, the natural 
vegetation of northern Sudan, for instance, changed from dense coniferous forests, as indicated by petrified tree 
trunks and fruits that still buried in northern Sudan, to the present desert and semi-desert vegetation. Currently, 
most of the naturally prevailing vegetation cover of the Sudan is fragile and extremely sensitive to disturbances. 
In Sudan, the desert and semi-desert zones comprise about 65% of the total area of the country where these 
occupied areas are expected to be expanded (Gaafar, 2011). The general trend of transformation of natural 
vegetation is mostly characterized by arid tolerant species (Hänke et al., 2016). 
 
The watercourses have a particular ecological importance, especially the ones that fall in areas with an 
extended dry season and low intensity of rainfall. Such watercourses provide suitable habitat for numerous 
species of animals and plants. Also, Sahara watercourses offer vital refuges for migratory birds in their way to 
cross the desert. These watercourses are in need to impr ve their potential to create considerably balanced 
ecosystems and sustain livelihood by adopting management plans based on relevant ecological studies. 
Therefore, the present study selected Wadi-Elmugadum, which is a seasonal watercourse that falls within e 
semi-desert zone in Sudan, to be investigated for the diversity and dominance of its woody vegetation. In 
addition, this study aimed to revise the ecological cl ssification of the woody vegetation of Wadi-Elmugadum, 
which was not explicitly investigated in any previous study 
 
2. Materials and Methods  
 
2.1. Study site 
 
     The current study was conducted in the area of Wadi-Elmugadum that falls in Khartoum State between 
latitudes 15° 46′ 12″ and 16° 42′ 35″ N and longitudes 31° 41′ 6″ and 31° 40′ 22″ E (Figure 1) covering an area 
of 21,378.988 ha. Wadi-Elmugadum falls within the major division semi-desert and subdivision Acacia tortilis - 
Maerua crassifolia desert scrub ecological vegetation zone (Harrison and Jackson, 1958). The annual rainfall 
ranges between 75, 100 mm, and the temperature rangs from 10° to 45° C. The populations of the study area are 
agro-pastoralists whose main activities are concentrated on the breeding of animals (camels, goats and sheep) 
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Figure 1. Location of the study area (Wadi-Elmugadum, Sudan) 
2.2. Sampling   
 
The study zone was divided into different vegetation classes based on the Normalized Difference Vegetation 
Index (NDVI). The data was downloaded from the web site of The University of Natural Resources and Life 
Sciences, Vienna (http://ivfl-info.boku.ac.at). According to the NDVI, three woody vegetation classes 
(woodland, open forest and medium density forest) and  cultivated land class were identified in the study area 
(Table 1). Fifteen rectangular sample plots were sel ct d at random, where each plot represents an area of 0.20 
ha (20×100 m2). The sample plots were relatively distributed between the three woody vegetation classes 
according to their areas. The coordinates for the central point of each sample plot were determined from the 
satellite imageries. The Geographical Positioning System (GPS) receiver was used to facilitate locating he 
sample plots on the ground by navigating the coordinates of the sample plots central points.   
 
Table 1. Vegetation classes, NDVIs (minimum, maximum and aver ge) and areas (ha) in the study area 
 








Woodland 0.0975 0.1165 0.1095 3518.957 
Open forest  0.1053 0.1835 0.1342 10810.329 
Medium density forest 0.1061 0.2008 0.1381 3082.771 
Cultivated land 0.1010 0.1341 0.1172 3966.931 
 
In each sample plot the total number of woody individual plants was counted to determine the size of the 
population and the number of species was recorded to e ermine the species richness. Species frequency, 
abundance and relative density were calculated as described by (Shukla and Chandel, 2000) according to the 
following equations: 
 
Fi % = (Plotoccurence × 100)/ Plottotal 
A i = (ni)/ Plotoccurence 
Di = (ni)/ unit area  
pi= ( ni/N) ×100  
 
Where F = species frequency; Plotoccurence= number of plots of species occurrence; Plottotal= total number of plots; 
A= species abundance; ni = total number of individuals of a species in all plots; Di = Species density; pi = species 
relative density and N = the total number of indiviuals of all species in all plots. 
 Species diversity was measured using Shannon-Weaver diversity index (Shannon and Weaver, 1963; Pielou, 
1966) according to the formulae:  
 
H = -å Pi (lnPi)      
EH = H/Hmax = H/lnS      
  Where H = Shannon-Weaver diversity index (or heterog nity); Pi = species relative density and EH = Pielou's 
evenness (or equitability); S = richness. 
Salih et al.                                                         Agric. For. J. Vol. 5, No.1 (2021) 
 
© 2021 Agriculture and Forestry Journal 
This is an open access article distributed under the terms of the Creative Commons Attribution-Non Commercial 3.0 Inter ational License 
40 
 
The number of mature and juvenile individuals of each specific species in all plots was counted and 
expressed as a percentage of the total number of specific species individuals. Species level of occurrence was 
classified into five classes (dominant (D): relative density (RD) superior to 75%, abundant (A): RD betwe n 51 
and 75%, frequent (F): RD ranging from 26 to 50%, occasional (O): RD comprises between 11 and 25% and rare 
(R): RD from 1 to 10%) using the DAFOR scale (Forbis, 2012).   
 
The inventoried species were identified, by comparing the field specimens against herbarium specimens, and 
recorded by their respective scientific names and botanical families. Also, vernacular appellations, which were 
provided by local people and compiled from available literature, were recorded. Information on disappering 
woody species, threatening factors and possible rehabilitation of natural vegetation was collected from literature 
and interviews with local population in the study area. Thirty men aging 50 years old and above were included in 
the interviews. 
 
3. Results and discussion  
 
A total of nine woody species belonging to six genera and four botanical families existed in the study area 
(Table 2). The dominant botanical families were Fabaceae (four species) and Capparaceae (three species). 
Rhamnaceae and Apocynaceae were represented only by one species each. The calculated parameters showed a 
considerable variation in the species frequency (from 8.3 to 50%), abundance (from 1 to 50 tree/plot), density 
(from 0.42 to 127.5 tree ha-1) and relative density (from 0.20 to 61.6%). Acacia seyal possessed the highest 
frequency, abundance, density and relative density, whereas Acacia tortilis, Acacia ehrenbergiana and 
Calotropis procera were the less represented regarding those parameters (Table 3). All the existing species 
showed rare or even less than rare occurrence except A. seyal, which was considered abundant, and Acacia 
nilotica, which had an occasional occurrence according to DAFOR, scaling (Table 3). Boscia senegalensis had 
the highest species relative density and was classified frequent in the woodland class (Table 4). A. nilotica was 
the most relatively dense (50%) and had a frequent occurrence in the open forest class, whereas A. seyal with a 
relative density of 98% was apparently dominant in the medium forest density class according to DAFOR 
system (Table 4). The differences in abundance of tree species in the same kind of ecosystem could be explained 
by the existent local conditions that might favor the dominance of one or few species over another. The 
dominance of A. seyal, in the medium forest density class, along the bank of Wadi-Elmugadum is natural. This 
might be due to the high adaptability of A. seyal to the clay soils and flooded areas. Also, successful regeneration 
of A. nilotica was reported on flooded sites along the Nile and its tributaries (Elsiddig and Hetherington, 1985). 
 
On the level of vegetation classes (Table 5), seven sp cies were found coexisting in the woodland, four in the 
open forest and only two species in the medium forest density vegetation class. In addition to the lowest 
richness, the medium density forest class had the low st diversity and evenness. These low parameters values 
were apparently associated with dense woody vegetation which resulted from high moisture in the medium 
density forest class (Table 5). The size of species population and diversity (Shannon's index) showed reverse 
linear relationship described by the equation (Diversity = - 0.003 total number of woody plants + 1.054) and an 
R2 value of 75% (Figure 2). Besides, the size of population and evenness were negatively related, following the 
linear equation (Evenness = -0.003 total number of woody plants + 0.879) and showing an R2 value equals to 
85% (Figure 2). 
 
Table 2. Scientific names, botanical families and vernacular appellation of the woody species observed in the study area. 
 
Species scientific names Botanical families Vernacular appellations 
Calotropis procera (Ait.) Ait. f.  Apocynaceae Ushar 
Boscia senegalensis Pers. Lam. Ex poir Capparaceae Juss Mukheit/ Kursan 
Capparis decidua Forssk. Edgew Capparaceae Juss Tundub 
Maerua crassifolia Forssk. Capparaceae Juss Sareh/ Sarha 
Acacia ehrenbergiana Hayne Fabaceae Salam 
Acacia nilotica subsp. nilotica L. Fabaceae Sunut 
Acacia seyal var seyal Del. Fabaceae Talih 
Acacia tortilis subsp. spirocarpa Forssk. Fabaceae Seyal 
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Table 3. Total frequency (%), abundance (species/plot of species occurrence), density (species/ha), relative density (%) of 












C. procera 8.3 1 0.42 0.20 < R 
B. senegalensis 25 6 7.5 3.62 R 
C. decidua 41.7 4 8.3 4.02 R 
M. crassifolia 16.7 2.5 2.1 1.01 R 
A. ehrenbergiana  8.3 1 0.42 0.20 < R 
A. nilotica  33.3 26.25 43.75 21.13 O 
A. seyal  50 51 127.5 61.57 A 
A. tortilis  8.3 1 0.42 0.20 < R 
Z. spina-christi  41.7 8 16.7 8.0 R 
*According to DAFOR scale, species could be divided into dominant (D), abundant (A), frequent (F), occasional (O), and rare (R) regarding 
their relative density. 
 
Table 4. Species, relative density and DAFOR classification (D, A, F, O or R) for each species in the different woody 
vegetation classes of the study area. 
 
Species Woodland Open forest Medium density forest 
C. procera 2.5% (R) 0 0 
B. senegalensis 46.0% (F) 0 0 
C. decidua 30.7% (F) 3.8% (R) 0 
M. crassifolia 12.8% (O) 0 0 
A. ehrenbergiana 2.5% (R) 0 0 
A. nilotica 0 50.0% (F) 0 
A. seyal 2.5% (R) 29.0% (F) 98.3% (D) 
A. tortilis  2.5% (R) 0 0 
Z. spina-christi 0 17.1% (O) 1.7% (R) 
*According to DAFOR scale species could be divided into dominant (D), abundant (A), frequent (F), occasional (O), and rare (R) regarding 
their relative density. 
 
Table 5. Shannon-Weaver diversity index (H), richness (S),evenness (E) and density Tree ha-1 for each of woody vegetation 
class of the study area. 
 Woodland Open forest Medium density forest 
H 0.965729 0.861175 0.085337 
S 7 4 2 
E 0.496287 0.621206 0.123115 
Density 50 220 460 
 
The coexistence of a higher number of species in the lower vegetation density class (woodland class), which 
seemed the most eroded, and the prevalence of few sp cie  in the higher density class (medium density forest 
class) could be related to the magnitude of species competition. The higher diversity could be an indication of 
less species competition whereas the lower diversity could be an indicator of a higher competition, which 
reduces the number of species in the area of competition. Higher species richness and heterogeneity were 
expected in areas with moderate levels of disturbance, which decrease the density and cause overlapping of early 
and late successions (Connell, 1978; Shaw, 1985; Postlethwait and Hopson, 1989; Banwa, 2011). However, an 
uncertain relation between species diversity and density was reported (Wilsey and Stirling, 2007). 
 
Apparently, the study area was low in species divers ty and natural regeneration rate. No regenerations of M. 
crassifolia, A. tortilis and A. ehrenbergiana (Figure 3) and a complete disappearance of Leptadenia pyrotechnica 
and Salvadora persica, which were previously prevailing in the vegetation zone of the study area (Harrison and 
Jackson, 1958), were observed in the study area. S lvadora persica was declared endangered by the Sudan 
Ministry of Agriculture (Warrag et al., 2002). The existence of C. procera and B. senegalensis, which are 
considered drought-resistant and salt-tolerant species, can serve as ecological indicator species of land 
degradation (Wickens, 1998; Boutraa, 2010). The low abundance and the existence of only juvenile i dividuals 
of C. procera could be attributed to the new invasion of the species in the area. Partial or complete replacement 
of early dominant species by new invaders is expected in a forest ecosystem subjected to degradation 
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(Thompson, 2010). In the subtropical arid and semi-arid regions, the loss of vegetation capacities for natural 
regeneration was reported (Elobeid, 2000). The changes in the dynamic and structure of vegetation in arid and 
semi-arid zones in West Africa were attributed to the declining ability of the species to function and regenerate 




Figure 2. Diversity (Shannon's index) and evenness versus number of individual woody plants per plot in Wadi-Elmugadum. 
 
 
Figure 3. Percentages of the mature and juvenile plants in the study area. 
     The local population mentioned a new invasion f C. pocera and B. senegalensis, confirmed the 
disappearance of S. persica and L. pyrotechnica and classified M. crassifolia and A. ehrenbergiana as highly 
threatened in most of the study area. Eighty percent of the respondents mentioned low rainfall as the major factor 
that affects the woody vegetation cover in the study area. Moreover, over-grazing and agricultural expansion 
were mentioned by respondents, with the rates of 10% and 7%, respectively, as possible causes of vegetation 
deterioration. From our direct field observations, we noticed the conversion of 18.5 % of the study area to 
cultivated lands (Table 1). Also, dense population of camels and goats were observed to graze on the open f rest 
class, more especially. Some of the threats mentioned a d directly observed were reported by others in different 
arid and semi-arid lands. Low rainfall and intensive cutting of trees, for firewood and building materials 
purposes, were considered as the main factors threatening the natural regeneration in the arid and semi-arid lands 
(Wickens, 1998). Furthermore, drought and desertification were repo ted as likely additional causes of 
vegetation deterioration (Mustafa, 2007; Wickens, 1998). Low regeneration rate was mentioned because of low 
rainfall and overgrazing. The local population proposed the water harvesting techniques, broadcasting of fodder 
herbs and grasses seeds and the improvement of agricultural techniques to conserve the woody vegetation of 
Wadi-Elmugadum. 
 
4. Conclusion  
 
     Such the case of many arid lands, the study area showed serious signs of degradation in its ecological system. 
The low capacity of the previously dominating species to regenerate naturally hinders their prevalence i  the 
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study area. Several strategies for eco-agriculture, that could attain the objectives of food security and 
conservation of biodiversity, to improve the potential of ecosystem functioning in Wadi-Elmugadum are ne ded. 
We recommend the adoption of associated systems of agr -forestry and water harvesting to replace the current 
system that expand agricultural crops lands on the expense of natural vegetation. Such type of eco-agriculture 
could be an effective mean for accomplishing vegetation diversification, economic and environmental wel-b ing 
in the area. Finally, as perspectives, other studies could be realized to revise the natural vegetation cover and to 
prepare a new vegetation map and a list of endangered species in Sudan for biological conservation purposes and 
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